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Summary

Although the importance of melt-water permeating through a glacier body has
recently been much discussed in conjunction with the glacier gliding and glacier
surgel), very few observations have been made in sitw on the behaviour of melt-water
in a glacier body. At the beginning of March, 1968, one of the present authors (GW)
observed that much melt-water was permeating through the glacier body of the Men-
denhall Glacier in the southeast Alaska where the air temperature often went down
to the melting point of ice?®. A boring was made down to a depth of 7m at a site,
1.5km from the terminus of the glacier. The melt-water oozed out from the entire
wall of the bore-hole and gradually filled it. The water was bailed out of the hole
and the ascending speed of the water head in the hole was measured. By the aid of
the theory on the hydraulic conductivity of soil used in soil science, the coefficient of
water permeability of the glacier ice mass was calculated as 6Xx 107 cm/sec, which is
equivalent to that of compact silt.

In the summers of 1971 and 1972, the behaviour of melt-water which permeates
through a glacier body was studied on the same area of the Mendenhall Glacier where
a similar observation was made in 1968 (Plate I-1). This paper shows the observed
data of water permeability, flow speed of melt-water through the glacier body in the
ablation season and the textures of water-tubes developed in the glacier body.

Borings were made in three selected areas as the lower reach of the glacier: a flat
and wide area (Site B-1), a slightly concaved area near a pond (Site B-2) and a top of
a glacier ice ridge (Site B-4). Melt-water came out very fast from the wall of each
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bore-hole and filled up the hole within several minutes. The ascending speed of the
water head in these three ‘holes was much faster than that observed in the early
spring of 1968. A stable water head in the glacier body was usually found at a depth
of 10-40 cm below the glacier surface. This strongly suggests that the melt-water fills
up all of voids in the glacier body similarly to the “ground water” within the soil.
Unexpectedly melt-water came out fairly quickly from the wall of the bore-hole made
at the top of an ice ridge (Site B-4), and the water head reached at a depth of 45cm
below the surface. A typical relation between the ascent of the water head in the
bore-hole and time is shown in Fig. 1. Applying Don Kirkham’s formula used in the
ground water theory, the coefficient of water permeability, %2, of the glacier body was
calculated and summarized in Table 1. The value of £ obtained in summer was of the
order of 107°cm/sec in flat and concaved areas and 10~*cm/sec at an ice ridge, which
are equivalent to that of fine grained sand. These values of water permeability were
several hundreds times larger than those obtained in early spring of 1968.

In order to observe how melt-water permeates through the texture of the glacier
body, an ice pit, 60 cm deep and 150 cm wide, was dug in the glacier, and a small
amount of ink was sprayed on the surface of the glacier 100 cm upstream from the
pit wall. The permeation of ink through the texture of glacier ice is seen in Plate
I-2: some amount of the ink flowed through a large number of water-tubes and partly
through foliation planes which have high permeability. This affords evidence that
a lot of melt-water is permeating through the whole body of a temperate glacier.

A large block of ice was cut out from a wall of the pit and placed on the glacier
surface. Melt-water contained in the ice block flowed out through water-tubes within
the ice and soon networks of the water-tubes became visible because of introduction
of air in them as illustrated in Plate I-3. A careful inspection indicated that most of
the water-tubes existed at sites of the triple boundary where three ice grains meet?.
The average diameter of the water-tubes was 1-1.5mm. Fine networks which con-
sisted of capillary water-tubes (less than 0.1 mm in diameter) were also found along
a grain boundary between two ice grains. A vertical thin section of ice containing
a foliated layer composed of fine grains was cut out from a wall of the pit, and
examined under a polarized light (Plate I-4, the arrow indicates upward). In the
foliated layer F-F in this photograph, many water tubes and capillaries were found
suggesting high permeability of melt-water.

A direct measurement of the flow speed of melt-water through the glacier body
was made by the use of the “two-bore-holes technique” as schematically shown in the
upper part of Fig. 3. About 100 g of water saturated with NaCl were poured into the
water in the upper hole “A”, and then the water was rapidly stirred by an auger-rod
to make it homogeneous. The electric conductivity of the water taken from bore
holes “A” and “B” was measured with time. The value of conductivity of the water
taken from hole “A” decreased exponentially with time as shown by curve “A” in
Fig. 3. The value of conductivity of the water taken from hole “B” began to increase
about 4 minutes after the pouring of the salt solution into hole “A”. As shown in
Fig. 3, the maximum of curve “B” appeared in 27 minutes after the experiment was
began. From this observation the average flow speed of melt-water in the glacier
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body was estimated to be 2-4 cm/min.

The water head within the glacier body was measured throughout day and night
to investigate its diurnal variation. It was found that the water head gradually
descended with time after the sunset and ascended very rapidly with time after the
sunrise as shown in Fig. 2. The minimum water head was found at 7 o’clock in the
morning, and the difference between the maximnm and minimum heads was 76 cm.
The observed diurnal variation of the water head in the glacier body suggests that
the amount of water permeating through the glacier body must primarily depend on
the rate of melting of ice at the surface of the glacier.
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